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DESCRIPTION 

ELECTRIC POWER STEERING APPARATUS 

5 

Techn ical Field 

The present invention relates generally to an 
electric power steering apparatus including a worm 
deceleration mechanism, and more particularly to an 
10 electric power steering apparatus contriving an 
improvement in noises caused by a backlash. 

Backgroun d Ar t 

Generally, a play (backlash) is provided between 
15 gears in order to obtain a smooth operation in gear 
meshing. 

A worm wheel deceleration mechanism of the 
electric power steering apparatus also requires a 
proper backlash. Normally, an axis-to-axis distance 

20 between a gear housing shaft of a housing and an 
output shaft of a motor is set to the same as an 
axis-to-axis distance (a worm gear working radius 
plus a wheel gear working radius), and hence a 
backlash derived from a variety of working scatters 

25 in addition to the preset backlash. This caused-by- 
the-scatter backlash gives a driver an uncomfortable 
feeling due to tooth-butting noises when a vehicle 
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travels on a rough road, resulting in a decline of 
value of a commercial product. 

A countermeasure therefor was that the tooth- 
butting noises are reduced by setting the backlash as 
5 small as possible while raising a gear accuracy, or 
by a method, as disclosed in Japanese Patent 
Application Laid-Open No. 11-43062, of absorbing 
vibrations in a way that provides an elastic body 
between a worm shaft and a bearing thereof, and so 
10 forth. 

Moreover, Japanese Patent Application Laid-open 
No. 10-281235 discloses a power transmission apparatus, 
wherein the worm shaft is supported through the 
bearing in a shaft hole taking an elliptic shape that 

15 is formed in a worm shaft housing portion and is 

eccentric on the side of the worm wheel, and O-ring 
shaped elastic member is provided in a circular 
groove formed concentrically in an inner peripheral 
surface of the shaft hole, this elastic member biases 

20 the bearing (the worm shaft) towards the worm wheel, 
thereby eliminating the backlash. 

Further, when assembling the worm shaft and the 
worm wheel, there might occurs a dimensional error 
between the worm, the worm shaft, a bearing portion 

25 supporting the worm shaft, the worm wheel and. a 

steering shaft for supporting the worm wheel, etc.. 
It follows that the backlash is caused at a 
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comparatively large rate due to this dimensional 
error after being assembled. It was therefore 
required that the parts be assembled separately 
according to the accuracy thereof. Further, if a 
higher output of an auxiliary steering force advances 
as seen over the recent years, this results in an 
increase in abrasions of teeth of the worm and of the 
worm wheel, and a drawback comes to appear, wherein 
the occurrence of the backlash can not be avoided. 

A known method for preventing gear butting 
noises derived from these causes is a method of 
eliminating the backlash by applying a pre-load to 
the worm towards the worm wheel. For example, as 
disclosed in Japanese Patent Application Lald-Open 
Nos. 2001-322554 and 2001-108025. there are known 
methods of generating a pre-load force by causing a 
deformation of an elastic body provided between an 
outer ring of the bearing provided at a side end of 
the worm and a gear housing. 

Of the conventional electric power steering 
apparatuses disclosed in the former Publications, the 
apparatus disclosed in Japanese Patent Application 
Laid-open No. 10-281235 has a drawback that the worm 
shaft housing portion is easy to abrade when the 
bearing moves and a problem that the worm shaft is 
easy to cause an axis deviation with respect to the 
motor shaft when the worm shaft is biased by the 
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elastic member, and so on. 

Generally, as far as there exists the backlash 
depending on a condition of a rough road, a 
difference between inputs from a motor vehicle and so 
on. a problem is that the tooth-butting noises can 
not be completely muffled, and there is a necessity 
of reducing the tooth-butting noises for every motor 
vehicle . 

In the conventional electric power steering 
apparatuses disclosed in the latter Publications, a 
problem is that the quantity of deformation of the 
elastic body is determined from an outside diameter 
of a rolling bearing that is determined based on an 
inside diameter of a housing and a load, the elastic 
15 body has no alternative but minutely deforms because 
of a restraint in terms of a space, besides a pre- 
load force for the worm largely changes due to a 
minute displacement of a worm end that is caused by a 
scatter in working of the gear housing and by a 
20 deflection In meshing, and it is therefore difficult 
to ensure the pre-load force expected. 

If this pre-load force is too large, an 
operating force declines, which brings about 
deterioration in feeling when neutral of steering. 
25 Whereas if too small, the gear butting noises emit, 
and an essential purpose can not be attained. 

Thus, according to th prior art. even in a case 
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where an axis-to-axis distance between the worm and 
the worm wheel changed due to the gear abrasion, etc., 
the pre-load varies due to the minute displacement of 
the worm, and it was difficult to ensure the stable 
5 pre-load. 

Moreover, the load and a rotational torque 
acting in radial directions are applied to the 
elastic body provided on the outer periphery of the 
bearing whenever steered, and hence, as disclosed in 

10 Japanese Patent Application Laid-Open No . 2001-270448 , 
deterioration such as a fatigue, etc occurs in the 
elastic body according to a structure for making 
flexural the elastic body serving as a slide bearing, 
and a problem arises from this deterioration, wherein 

15 the quantity of backlash rises, and the pre-load 

force decreases from a permanent deformation of the 
elastic body. 

The load and the rotational torque acting in the 
radial directions have a great influence on the pre- 

20 load force given by the elastic body, with the result 
that the quantity of deformation of the elastic body 
augments- Therefore, if the axis-to-axis distance 
between the worm and the worm wheel increases and if 
a meshing area between the gears decreases, there 

25 also arises a problem that a strength of the gear 
declines this time. 

An object of the present invention li s in 



2003^1 1^258 9Bf06# BWC (tt) At-)** NO. 4907 p. 7/46 

^uuj+i i/iiiQ i wuj ttiwrsmHi 1 Nu. 04uj P. / 



providing a simply-structured electric power steering 
apparatus capable of improving the drawbacks to the 
examples of the prior art described above, 
eliminating an existence of the backlash and reducing 
tooth-butting noises without any decline of a power 
transmitting performance. 

Disclosure of the Invention 

To accomplish the above object, according to a 
first invention of the present invention, an electric 
power steering apparatus with a worm gear mechanism 
which comprises a housing, a motor attached to the 
housing and transmitting an auxiliary steering force 
to a rotary shaft through a motor shaft, a bearing 
provided in the housing and rotatably supporting the 
rotary shaft by use of a shaft support hole, a worm 
being integral with or fitted on the rotary shaft and 
having a gear portion formed of a metal or a resin, 
an output shaft transmitting a steering force for 
steering an axle and rotatably supported in a 
predetermined position of the housing, and a worm 
wheel being integral with or fitted on the output 
shaft in a way that meshes with the worm and having a 
gear portion composed of a resin, the worm gear 
mechanism transmitting the auxiliary steering force 
of the motor to the output shaft, wherein the. motor 
is installed with respect to the output shaft in such 



200 3^1 1A25B, 98|07ft B4«I(tt) A$-MMff 
i nan 1 504 2 mtj tusswimwi 



JO. 4907 p P. 8/46 

fly. r. u 



- 7 - 



10 



a position that a length which is the sum of a 
working radius of the worm and a working radius of 
the worm wheel becomes an axis-to-axis distance 
between the output shaft and the motor shaft, and the 
bearing is installed with respect to the output shaft 
in such a position that an axis-to-axis distance 
between the shaft support hole and the output shaft 
becomes slightly smaller than an axis-to-axis 
distance between the output shaft and the motor shaft 

Further, it is preferable that the bearing be 
supported on the rotary shaft through an elastic 
member, and the worm be slightly movable in an axial 
direction. 

The apparatus being thus constructed, the rotary 
15 shaft is installed eccentrically towards the worm 
wheel from the axis of the motor, and therefore it 
follows that the worm shaft is pressed against the 
elastic member when assembled. This pressing force 
produces an elastic pre-load for pressing the worm 
20 against the worm wheel, whereby, the worm meshes with 
the gear portion of the worm wheel with no backlash. 
Accordingly, the worm and the gear portion of the 
worm wheel mesh with each other by a proper 
frlctlonal force, and the backlash is eliminated 
25 without any decline of a power transmitting 
performance. 

Furthermore, according to a second invention of 
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the present invention, an electric power steering 
apparatus with a worm gear mechanism which comprises 
a housing, a motor attached to the housing and 
transmitting an auxiliary steering force to a rotary 
5 shaft through a motor shaft, a worm formed on or 

fitted on the rotary shaft and having a gear portion 
composed of a metal or a resin, bearings provided in 
the housing, disposed respectively in positions on 
both sides of the worm and rotatably supporting the 

10 rotary shaft, an output shaft transmitting a steering 
force for steering an axle and rotatably supported in 
a predetermined position of the housing, and a worm 
wheel formed on or fitted on the output shaft In a 
way that meshes with the worm and having a gear 

15 portion formed of a resin, the motor installed in 

such a position that a length which is the sum of a 
working radius of the worm and a working radius of 
the worm wheel becomes an axis-to-axis distance 
between the output shaft and the motor shaft, wherein 

20 elastic members are disposed on both sides, in the 
axial direction, of the motor-sided bearing 
adjacently thereto so that the rotary shaft may be 
slightly movable in the axial direction within a 
limit of elasticity of the elastic members, the 

25 bearing positioned away from the motor is a rolling 
bearing, an elastic portion for biasing the worm in 
the meshing direction is provided on the rotary shaft. 
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an outer ring of the bearing is fixedly fitted in a 
cylindrical bearing holding member fixedly fitted in 
the housing, its inner ring loosely receives therein 
the rotating shaft on which a cylindrical buffer 
5 member is fixedly fitted, and the elastic portion is 
constructed of a biasing member axiaily rotatably 
supporting the rotary shaft, and of an elastic body 
receives therein, the biasing member in a position 
eccentric in the meshing direction of the worm with 

10 respect to an axis of the bearing and fixed in the 
vicinity of the bearing holding member. 

The apparatus being thus constructed, the rotary 
shaft is set in the position eccentric in the meshing 
direction of the worm by use of the elastic portion . 

15 Therefore, the rotary shaft is pressed against the 
buffer member of the bearing when the worm is 
assembled, and an elastic pre-load for pressing the 
worm against the worm wheel Is produced. Accordingly, 
the worm and the gear portion of the worm wheel mesh 

20 with each other by the proper frictional force, and 

the backlash is eliminated without any decline of the 
power transmitting performance. 

Particularly, a rate at which a volume of the 
elastic body occupies the elastic portion is taken 

25 large, whereby an initial eccentric quantity needed 
for generating the pre-load can be taken large and a 
spring constant of the elastic body can be decreased. 
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Therefore, even when a configuration of the worm 
might change due to a scatter in working accuracy and 
an abrasion of the gear, it is feasible to stably 
maintain a fixed pre-load force and to effectively 
5 prevent the tooth-butting noises of the gears. 

Further, the rotary shaft is movable in the 
axial directions, and hence, when a force is applied 
to the rotary shaft, the rotary shaft moves in the 
axial directions within the limit of the elasticity 

10 of the elastic member, whereby the worm and the gear 
portion of the worm wheel mesh with each other in the 
proper positions to absorb an impact, and the tooth- 
butting noises are thus reduced. 

Moreover, the bearing receives a load and a 

15 rotational torque acting in the meshing direction of 
the worm, which are generated when driving 
(assisting) the apparatus, and thus controls a 
displacement of the worm. Therefore, neither a large 
distortion nor load occurs in the elastic body of the 

20 elastic portion, which leads to an improvement of a 
lifetime of the elastic body. 

Still further, just when the rotary shaft abuts 
on the shaft support hole of the bearing, a 
displacement in a meshing opposite direction can not 

25 be made, and therefore a gear meshing area does not 
excessively decrease, thereby making it possible to 
prevent a decline of strength of the gear. 
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Furthermore, according to a third invention of 
the present invention, an electric power steering 
apparatus comprises a housing, a motor attached to 
the housing and transmitting an auxiliary steering 
5 force to a rotary shaft through a motor shaft, a worm 
formed on or fitted on the rotary shaft and having a 
gear portion formed of a metal or a resin, rolling 
bearings provided in the housing, disposed 
respectively in positions on both sides of the worm 

10 and rotatably supporting the rotary shaft, an output 
shaft transmitting a steering force for steering an 
axle and rotatably supported in a predetermined 
position of the housing, and a worm wheel formed on 
or fitted on the output shaft in a way that meshes 

15 with the worm and having a gear portion formed of the 
resin, wherein a pre-load applying mechanism for 
applying a pre-load acting towards the worm wheel is 
provided at the shaft side end portion, distal from 
the motor, of the rotary shaft. 

20 According to the construction of the third 

invention, the pre-load applying mechanism sets the 
rotary shaft in the position eccentric in the meshing 
direction of the worm, so that the worm and the gear 
portion of the worm wheel mesh with each other by the 

25 proper frictional force, and the backlash is 
eliminated without any decline of the power 
transmitting performance. 
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Brief De scription of the Drawings 

PIG. 1 is a sectional view of an electric power 
steering apparatus, showing a first embodiment of a 
first invention of the present invention; 

FIG. 2A is a partial enlarged view of a portion 
A in PIG. l; FIG. 2B is a sectional view of a portion 
of an elastic member in FIG. 1; FIG. 2C shows a 
section taken along the line C-C in FIG. 2B; 

FIG. 3 is a sectional view of an electric power 
steering apparatus . showing a second embodiment of 
the first invention of the present invention: 

FIG. 4 is a partial enlarged view showing a 
bearing portion in FIG. 3; 

PIG. 5 is a sectional view of an electric power 
steering apparatus, showing a third embodiment of the 
first invention of the present invention; 

FIG. 6 is a sectional view of an electric power 
steering apparatus, showing a fourth embodiment of 
the first invention of the present invention ,- 

FIG. 7 is a sectional view showing a modified 
example of a spline connecting portion in the 
electric power steering apparatus in FIG. 6; 

FIG. 8 is a sectional view showing a first 
modified example of the elastic member in the 
electric power steering apparatus in FIG. 6; 

FIG. 9 is a sectional view showing a second 
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modified example of the elastic member in the 
electric power steering apparatus in FIG. 6; 

FIG, 1 OA is a sectional view showing a third 
modified example of the elastic member in the 
5 electric power steering apparatus in FIG . 6; FIG. 10B 
is a sectional view taken along the line A- A in FIG. 
10A; 

FIG. 11 is a sectional view of an electric power 
steering apparatus, showing a fifth embodiment of the 
10 first invention of the present invention; 

FIG. 12 is a partial side view of a male spline 
portion of a motor shaft; 

FIG. 13A is a sectional view of an electric 
power steering apparatus, showing a first embodiment 
15 of a second invention of the present invention; FIG. 
13B is a sectional view taken along the line A-A in 
FIG. 13A; 

FIG . 14A is a partial sectional view of an 

electric power steering apparatus, showing a second 
20 embodiment of the second invention of the present 

invention; FIG. 14B is an enlarged view of a 

principal portion in FIG. 14A; 

FIG. 15A is a partial sectional view of the 

electric power steering apparatus, showing a third 
25 embodiment of the second invention of the present 

invention; FIG. 15B is a sectional view taken along 

the line B-B in FIG. 15A; 
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PIG. 16A Is a partial sectional view of an 
electric power steering apparatus, showing a fourth 
embodiment of the second invention of the present 
invention; FIG. 16B is a sectional view taken along 
5 the line C-C in FIG. 16A; 

FIG. 17A is a partial sectional view of an 
electric power steering apparatus, showing a fifth 
embodiment of the second invention of the present 
invention; FIG. 17B is a sectional view taken along 
10 the line E~E in FIG. 17A; and 

FIG. 18A is a partial sectional view of an 
electric power steering apparatus, showing a sixth 
embodiment of the second invention of Hhe present 
invention; FIG- 18B is a sectional view taken along 
15 the line D-D in FIG. 18A. 

The Embodiments of the Invention 

An embodiment of a first invention of the 

present invention will hereinafter be described with 
20 reference to the drawings • 

FIG. 1 is a sectional view of a configuration of 

an electric power steering apparatus, showing the 

first embodiment of the first invention of the 

present invention. FIG. 2A is a partial enlarged 
25 view of a portion A in FIG • 1. FIG . 2B is a 

sectional view showing a portion of an elastic member 

in FIG . 1. 
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In an electric power steering apparatus 100 in 
FIG. 1, an electric motor 10 . ball bearings 3a, 3b 
for rotatably supporting a worm shaft 2. an output 
shaft 5 of a worm wheel 4, etc., are disposed or 
5 fixed in predetermined positions in a housing 1. 

The worm shaft 2 is constructed of a worm 2a 
formed substantially on a central portion thereof, 
bearing support portions 2b formed on both sides of 
this worm 2a, a serrated portion 2c formed at one end 

10 portion (at a right end portion in the Figure) of the 
worm shaft 2, and so forth. On the other hand, a 
serrated hole 10b is formed inside a motor shaft 10a 
of the electric motor 10. The serrated portion 2c of 
the worm shaft 2 is loosely fitted in the serrated 

15 hole 10b, whereby the worm shaft 2 is joined to the 

motor shaft 10a in a way that is movable in the axial 
directions but unmovable in a rotational direction. 

As illustrated in FIG. 1 and 2A, the bearing 
support portions 2b, 2b are fitted in inner 

20 peripheral surfaces of the ball bearings 3a, 3b. An 
annular groove 2e is formed in an axially central 
portion of each bearing support portion 2b, and an 
annular elastic member 6 is fitted with no clearance 
on this annular groove 2e. 

25 A diameter of an outer peripheral surface of the 

elastic member 6 is set slightly larger than an 
outside diameter r of the bearing support portion 2b. 
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This annular elastic member 6 includes a rubber bush 
6a as its body of which an inside-diametrical portion 
takes a bellows-like shape and is fitted on a bottom 
peripheral surface of the annular groove 2e, and a 
5 ring-like material (for example, Teflon (registered 
trademark) material) 6b that has a small coefficient 
of friction and is welded to an outer periphery of 
the rubber bush 6a in order to allow the worm shaft 2 
to move in the axial directions. 

10 The worm wheel 4 is fixedly fitted on the output 

shaft 5 extending in a direction orthogonal to the 
axial direction of the worm shaft 2 and is, the 
output shaft 5 being rotatably supported in a 
predetermined position of the housing 1 in a state of 

15 the worm wheel 4 meshing with the worm 2a, thus 

disposed. A gear portion 4a of the worm wheel 4 is 
formed of a resin. 

As illustrated in FIG. 1, in the meshing between 
the worm 2a and the worm wheel 4, let SI (a + b « SI) 

20 be a distance which is the sum of a working radius a 
of the worm 2a and a working radius b of the worm 
wheel 4. and the output shaft 5 and the electric 
motor 10 are disposed in the housing 1 so that an 
axis-to-axis distance between the motor shaft 10a of 

25 the el ctrlc motor 10 and the output shaft 5 of the 
worm wheel 4 becomes SI. On the other hand, the 
bearing 3a on a distal side from the electric motor 
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10 Is disposed in the housing 1 in such a position 
that an axis-to-axis distance S2 between a shaft 
support hole 3c of the bearing 3a and the output 
shaft 5 becomes slightly smaller than the axis- to- 
5 axis distance SI between the output shaft 5 and the 
motor shaft 10a. In the present embodiment , these 
distances SI. S2 are set such as SI = 47.5 mm ad S2 = 
47.2 mm. and a difference AS between the axis-to-axis 
distance SI and the axis-to-axis distance S2 is given 

10 by (SI - S2 = AS). An optimal value of this 
difference As is 0.1 mm through 0.5 mm. 

In this connection, as shown In FIG. 2, the 
outside diameter r of each of the bearing support 
portions 2b rotatably supported on the ball bearings 

15 3a. 3b of the worm shaft 2, is set to a dimension 

given by (a shaft support hole 3c inside diameter R - 
2 • AS). Along with this, a thickness of the 
elastic member 6 is set to a value enough to permit 
loose fitting therein of the bearing support portion 

20 2b of the worm shaft 2. 

In this construction, the axis of the shaft 
support hole 3c of each of the ball bearings 3a, 3b 
is set, as described above, eccentric by AS towards 
the worm wheel 4. Therefore, when incorporated, the 

25 worm 2a and the gear portion 4a of the worm wheel 4 
mesh with each other without any backlash, however, 
with reaction thereof, it follows that the worm shaft 
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2 (the bearing support portion 2b) is pressed against 
the annular elastic member 6. This pressing force 
produces an elastic pre-load for pressing the worm 2a 
against the worm wheel 4, while the worm 2a is Kept 
5 in a so-called floating state. 

This pre-load force generates a friction to some 
extent when the worm 2a meshes with the worm wheel 4. 
however, the thlcKness and a rigidity of the annular 
elastic member 6 are set so that a resistance force 

10 thereof does not become excessively large enough to 
cause a hindrance to a gear performance or to such a 
degree that a deviation in meshing does not occur due 
to an input of vibrations applied from tires. The 
rigidity of the elastic member 6 can be set depending 

15 on hardness and a configuration of the rubber without 
any restriction. 

Further, the worm shaft 2 is movable in the 
axial directions, and hence the worm 2a and the gear 
portion 4a of the worm wheel 4 can be meshed with 

20 each other in their proper positions. 

Thus, the inside diameter of the shaft support 
hole 3c of each of the ball bearings 3a, 3b is set 
eccentric, the diameter of the worm shaft 2 (the 
bearing support portion 2b) is set comparatively 

25 small, and the annular elastic members 6b, are 

provided between the worm shaft 2 and the bearings 3a, 
3b, which all cooperate to enable a pre-load 
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mechanism to be easily structured and the baclclash to 
he eliminated. 

According to the first embodiment of the first 
invention, both of eccentric quantities of the Inside 
5 diameters of the shaft support holes 3c of the 

bearings 3a, 3b are set likewise to As, however, the 
eccentric quantity of the bearing 3b on the proximal 
side to the motor 10 can be set smaller than the 
eccentric quantity As of the bearing 3b. Namely, the 

10 distance between the axis of the bearing 3a on the 

distal side from the motor and the axis of the output 
shaft 5, can be set larger than the distance between 
the axis of the bearing 3b on the proximal side to 
the motor and the axis of the output shaft 5. It is 

15 desirable that a difference AS' between the eccentric 
quantities be a value of 0 through As/2. This 
construction is more desirable in terms of preventing 
the axis deviation between the motor shaft 10a and 
the worm shaft 2 by reducing the rotational 

20 resistance of the worm shaft 2. 

Next . a second embodiment of the first invention 
of the present invention will be described in 
conjunction with the drawings. 

FIG. 3 is a sectional view of a construction of 

25 the electric power steering apparatus, showing the 
s cond embodiment of the first invention of the 
present invention. FIG . 4 is an enlarged view 
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showing a bearing portion in FIG. 3. 

Throughout the following discussion, the 
components having the similar structures as those in 
the first embodiment of the first invention will be 
5 explained by use of the same numerals or symbols. 

In the electric power steering apparatus 100 in 
FIG. 3, the electric motor 10, the ball bearings 3a, 
3b for rotatably supporting the worm shaft 2, the 
output shaft 5 of the worm wheel 4, etc., are 
10 disposed or fixed in predetermined positions in the 
housing 1. 

The worm shaft 2 is constructed of the worm 2a 
formed substantially on the central portion thereof, 
the bearing support portions 2b formed on both sides 

15 of this worm 2a/ the serrated portion 2c formed at 
one end portion (at a right end portion in the 
Figure) of the worm shaft 2, and so forth. On the 
other hand, the serrated hole 10b is formed inside 
the motor shaft 10a of the electric motor 10. The 

20 serrated portion 2c of the worm shaft 2 is loosely 
fitted in the serrated hole 10b, whereby the worm 
shaft 2 is joined to the motor shaft 10a in a way 
that is movable in the axial directions but unmovable 
in the rotational direction. 

25 As shown also in FIG. 4, annular elastic members 

60 each having a predetermined thickness and 
predetermined elasticity are respectively fitted with 
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no gap in the inner peripheral surfaces of the shaft 
support holes 3c of the ball bearings 3a, 3b. The 
annular elastic member 60 is constructed of a collar 
portion 60a and a cylindrical portion 60b. wherein 
5 the cylindrical portion 60b is fitted in the shaft 
support hole 3c, and the bearing support portion 2b 
of the worm shaft 2 is loosely fitted in the 
cylindrical portion 60b. Accordingly, the worm shaft 
2 is rotatably supported by the ball bearings 3a. 3b 

10 through the elastic members 60 in these bearing 
support portions 2b. 

Elastic member support members 7 are fixedly 
fitted on the worm shaft 2, wherein these members 7 
are disposed adjacent to the pair of bearing support 

15 portions 2b respectively on the side of the worm 2a. 
These elastic member support members 7 have a 
function of holding the collar portions 60a of the 
elastic members 60, respectively between the bearings 
3a, 3b and the support members 7 and allowing 

20 displacements, in the axial directions (in the right- 
and-left directions in the Figure), of the worm shaft 
2 within a limit of the elasticity of the elastic 
members 60. 

The worm wheel 4 is fixedly fitted onto the 

25 output shaft 5 extending in the direction orthogonal 
to the axial direction of the worm shaft 2 and is. 
the output shaft 5 being rotatably supported in the 



2003*1 1JJ25BL 9«09ft BttKtt) Af-ffi-Ki A JO. 490 7 P 23/46 



-22- 



predetermined position of the housing 1 in the state 
of the worm wheel 4 meshing with the worm 2a , thus 
disposed. The gear portion 4a of the worm wheel 4 is 
formed of a resin. 
5 As illustrated in PIG. 3, in the meshing between 

the worm 2a and the worm wheel 4. let SI (a + b * SI) 
be a distance which is the sum of the working radius 
a of the worm 2a and the working radius b of the worm 
wheel 4, and the output shaft 5 and the electric 

10 motor 10 are disposed in the housing 1 so that the 

axis-to-axis distance between the motor shaft 10a of 
the electric motor 10 and the output shaft 5 of the 
worm wheel 4 becomes SI. On the other hand, the 
bearings 3a. 3b are disposed in the housing 1 in such 

15 positions that the axis-to-axis distance S2 between 
the shaft support hole 3c thereof and the output 
shaft 5 becomes slightly smaller than the axis-to- 
axis distance SI between the output shaft 5 and the 
motor shaft 10a. The difference As between the axis- 

20 to-axis distance SI and the axis-to-axis distance S2 
is given by (SI - S2 = AS). This difference AS is 
set to an optimal value of 0.1 mm through 0.5 mm. 

In this connection, as shown in FIG. 4, the 
outside diameter r of each of the bearing support 

25 portions 2b rotatably supported on the ball bearings 
3a, 3b of the worm shaft 2, is set to a dimension 
given by (a shaft support hole 3c inside diameter R - 
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2 As). Along with this, a thickness of the elastic 
member 60 is set to a value to the extent that the 
bearing support portion 2b of the worm shaft 2 is 
loosely fitted therein, 
5 In this construction, the axis of the shaft 

support hole 3c of each of the ball bearings 3a, 3b 
is set, as described above, eccentric by As towards 
the worm wheel 4. Hence, when incorporated, the worm 
2a and the gear portion 4a of the worm wheel 4 mesh 

10 with each other without any backlash, however, with 
the reaction thereof, it follows that the worm shaft 
2 (the bearing support portion 2b) is pressed against 
a cylindrical portion 60b of the annular elastic 
member 60. This pressing force produces an elastic 

15 pre-load for pressing the worm 2a against the worm 

wheel 4, and therefore the worm 2a is kept in the so- 
called floating state. 

This pre-load force generates the friction to 
some extent when the worm 2a meshes with the worm 

20 wheel 4, however, the thickness and a rigidity of the 
elastic member 60 are set so that the resistance 
force thereof does not become excessively large 
enough to cause the hindrance to the gear performance 
or to such a degree that the deviation in meshing 

25 does not occur due to the input of vibrations applied 
from tires. The rigidity of the elastic member 60 
can be set depending on the hardness and the 
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configuration of the rubber without any restriction. 

Further, the worm shaft 2 is movable in the 
axial directions within the limit of the elasticity 
of the collar portion 60a of the elastic member 60 , 
5 and hence the worm 2a and the gear portion 4a of the 
worm wheel 4 can be meshed with each other in their 
proper positions. 

Thus, the inside diameter of the shaft support 
hole 3c of each of the ball bearings 3a, 3b is set 
10 eccentric, the diameter of the worm shaft 2 (the 
bearing support portion 2b) is set comparatively 
small, and the elastic member 60 is provided between 
the worm shaft 2 and the bearings 3a, 3b, which all 
cooperate to enable a pre-load mechanism to be easily 
15 structured and the backlash to be eliminated. 

Next, a third embodiment of the first invention 
of the present invention will be described. 

FIG. 5 is a sectional view of the electric power 
steering apparatus, showing the third embodiment of 
20 the first invention of the present invention. The 

third embodiment of the first invention has the same 
construction as the second embodiment of the first 
invention has, except for points that will 
hereinafter be explained. Therefore, the similar 
25 components as those in the second embodiment of the 
first invention are illustrated in a way that marks 
them with the same numerals or symbols, and their 
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repetitive explanations are omitted. 

In the second embodiment of the first invention 
discussed above, both of the eccentric quantities of 
the inside diameters of the shaft support holes 3c of 
5 the bearings 3a, 3b are set likewise to As, however, 
according to the third embodiment of the first 
invention, the eccentric quantity of the bearing 3b 
on the proximal side to the motor 10 can be set 
smaller than the eccentric quantity As of the bearing 

10 3b. Namely, in the third embodiment of the first 
invention illustrated in FIG. 5, a distance S3 
between the axis of the bearing 3a on the distal side 
from the motor and the axis of the output shaft 5, is 
set larger than a distance S4 between the axis of the 

15 bearing 3b on the proximal side to the motor and the 
axis of the output shaft 5. It is desirable that a 
difference As* (S3 - S4 = As') between S3 and S4 be 
a value of 0 through As/2. This construction is more 
desirable in terms of preventing the axis deviation 

20 between the motor shaft 10a and the worm shaft 2 by 
reducing the rotational resistance of the worm shaft 
2 . 

Next, a fourth embodiment of the first invention 
of the present invention will be discussed with 
25 reference to the drawings. 

FIG. 6 is a sectional view of the electric power 
steering apparatus, showing the fourth embodiment of 
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the first invention of the present invention. FIG. 7 
is a sectional view showing a modified example of a 
spline connecting portion in the electric power 
steering apparatus in FIG. 6. FIG . 8 is a sectional 
5 view showing a first modified example of the elastic 
member in the electric power steering apparatus in 
FIG. 6. FIG. 9 is a sectional view showing a second 
modified example of the elastic member in the 
electric power steering apparatus in FIG. 6. FIG. 

10 10A is a sectional view showing a third modified 

example of the elastic member in the electric power 
steering apparatus in FIG. 6. FIG. 10B is a 
sectional view taken along the line A- A in FIG. 10A. 

In the electric power steering apparatus 100 in 

15 FIG. 6, the electric motor 10 , the ball bearings 3a . 
3b for rotatably supporting the worm shaft 2 defined 
as a rotary shaft, the output shaft 5 of the worm 
wheel 4, etc., are disposed or fixed in predetermined 
positions in the housing 1. 

20 The worm shaft 2 is constructed of the worm 2a 

formed substantially on the central portion thereof , 
and the bearing support portions 2b formed on both 
sides of this worm 2a. A connecting member 18 taking 
a cylindrical shape is fixedly fitted on the bearing 

25 support portion 2b (on the right side in the Figure) 
on the side of the bearing 3b proximal to the 
electric motor 10. A female spline portion 18a is 
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10 



formed substantially In a half, in the axial 
direction, of an inner peripheral surface of the 
connecting member 18. The connecting member 18 Is 
fitted in the shaft support hole 3c (an inner 
peripheral surface of an inner ring) of the bearing 
3b so that this connecting member 18 is movable in 
the axial directions. 

On the other hand, a male spline portion 10b is 
provided on a front end portion of the motor shaft 
10a of the electric motor 10. This male spline 
portion 10b is loosely fitted In the female spline 
portion 18a of the connecting member 18, whereby the 
worm shaft 2 Is spline-connected to the motor shaft 
10a in a state of being movable in the axial 
15 directions but unmovable in the rotational direction. 
This spline connecting portion is set so that 
substantially a half of this connecting portion is 
positioned within the shaft support hole 3c of the 
bearing 3b. The spline connecting portion is set so 
20 that at least the half thereof In the axial direction, 
in other words, the half or more of the spline 
connecting portion in the axial direction is 
positioned within the shaft support hole 3c of the 
bearing 3b. 

25 A part of an elastic member 16 taking 

substantially the cylindrical shape is fixedly fitted 
in a shaft support hole 3d of the bearing 3a on the 
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dlstal side from the electric motor 10. This elastic 
member 16 is constructed of a fitting portion 16a, a 
large diametrical portion 16b. of which an outside 
diameter is larger than a diameter of the shaft 
5 support hole 3d, formed adjacent to the fitting 

portion 16a, and a shaft support portion 16c formed 
in continuation from the large diametrical portion 
16a and having an inside diameter substantially equal 
to an outside diameter of the bearing support portion 

10 2b. A fastening ring 11 for fixedly fitting the 
shaft support portion 16c on the bearing support 
portion 2b of the worm shaft 2, is fitted on an outer 
peripheral portion of the shaft support portion 16c. 

This axial support portion 16c has a function of 

15 elastically holding the bearing support portion 2b of 
the worm shaft 2 substantially In an intermediate 
position within the inside diameter of the fitting 
portion 16a. The large diametrical portion 16b has a 
function of facilitating the axial movements of the 

20 worm shaft 2 by a contrivance that the shaft support 
portion 16c extends and shrinks in the axial 
directions when moving together with the bearing 
support portion 2b in the axial directions. 

An inside diameter Rl (see also FIG. 8). of the 

25 fitting portion 16a of the elastic member 16 is set 
slightly larger than the outside diameter r of the 
bearing support portion 2b rotatably supported by the 
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bearing 3a. The outside diameter r of the bearing 
support portion 2b is set to a dimension given by (a 
fitting portion 16a inside diameter Rl - 2 * As). 
This is a value of such a degree that the bearing 
5 support portion 2b of the worm shaft 2 is loosely 
fitted in the fitting portion 16a. 

On the other hand, elastic members 17 each 
assuming substantially a ring- shape are disposed on 
both sides of the bearing 3b proximal to the electric 

10 motor 10 in the axial direction adjacently to the 
bearing 3b. These two elastic members 17 are so 
disposed that each is held by two pieces of ring- 
shaped holding members 17a and 17b (see also FIG, 7). 
The holding members 17a positioned away from the 

15 bearing 3b are each fixedly fitted on the connecting 
member 18. The holding members 17b positioned on the 
side of the bearing 3b are fixed to the bearing 3b 
and provided along the connecting member 18a in a 
non-contact manner. The elastic member 17 

20 elastically extends and shrinks in the axial 

directions as the connecting member 18 moves in the 
axial directions, thereby allowing the worm shaft 2 
to move in the axial directions within the limit of 
the elasticity thereof* 

25 The worm wheel 4 is fixedly fitted on the output 

shaft 5 extending in the direction orthogonal to the 
axial direction of the worm shaft 2. The output 
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shaft 5 Is so disposed as to be rotatably supported 
in the predetermined position of the housing 1 in the 
state of the worm wheel 4 meshing with the worm 2a. 
The gear portion 4a of the worm wheel 4 is formed of 
5 a resin. 

As illustrated in FIG. 6, in the meshing between 
the worm 2a and the worm wheel 4, let SI (a + b = SI) 
be a distance which is the sum of the working radius 
a of the worm 2a and the working radius b of the worm 

10 wheel 4, and the output shaft 5 and the electric 

motor 10 are disposed in the housing 1 so that the 
axis-to-axis distance between the motor shaft 10a of 
the electric motor 10 and the output shaft 5 of the 
worm wheel 4 becomes si. On the other hand, the 

15 bearing 3a on the distal side from the electric motor 
10 is disposed in the housing 1 in such a position 
that the axis-to-axis distance S2 between the shaft 
support hole 3d of the bearing 3a and the output 
shaft 5 becomes slightly smaller than the axis-to- 

20 axis distance SI between the output shaft 5 and the 
motor shaft 10a. In this embodiment, the distances 
SI. S2 are set such as SI * 47.5 mm, and S2 = 47.2 mm. 
It is effective that the difference As (SI - S2 - A 
S) between the axis-to-axis distance SI and the axis- 

25 to-axis distance S2 be set to an optimal value in a 
range of 0.1 mm through 0.5 mm. 

In the construction described above, the axis of 
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the shaft support hole 3d of the bearing 3a is set, 
as described above, eccentric by As towards the worm 
wheel 4. Hence, when incorporated, the worm 2a and 
the gear portion 4a of the worm wheel 4 mesh with 
5 each other without any backlash, however, with the 
reaction thereof, it follows that the worm shaft 2 
(the bearing support portion 2b) is pressed against 
the elastic member 6. This pressing force produces 
an elastic pre-load for pressing the worm 2a against 

10 the worm wheel 4. Thus, the worm 2a is kept in the 
so-called floating state. 

This pre-load force generates the friction to 
some extent when the worm 2a meshes with the worm 
wheel 4, however, the thickness and the rigidity of 

15 the elastic member 16 are set so that the resistance 
force thereof does not become excessively large 
enough to cause the hindrance to the gear performance 
or to such a degree that the deviation in meshing 
does not occur due to the input of vibrations applied 

20 from tires. The rigidity of this elastic member 16 
can be set depending on the hardness and the 
configuration of the rubber without any restriction. 

Further, the worm shaft 2 is movable in the 
axial directions, and hence, when a force is applied 

25 from the tire, the worm shaft 2 moves in the axial 

directions within the limit of the elasticity of the 
elastic member 7 , whereby the worm 2a and the gear 
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portion 4a of the worm wheel 4 mesh with each other 
in proper positions to make it possible to absorb an 
impact . 

Incidentally, the worm shaft 2 is movable In 
5 directions of meshing between the worm 2a and the 
worm wheel 4 at a portion of the bearing 3a on the 
distal side from the electric motor 10. Therefore, 
the worm shaft 2 has a possibility of causing a 
hindrance to the axial movements of the worm shaft 2 
10 due to an axis deviation occurred in the spline 

connecting portion, wherein the bearing 3b on the 
proximal side to the electric motor 10 serves as a 
fulcrum. 

According to the fourth embodiment of the first 
15 invention, however, substantially the half, in the 
axial direction, of the spline connecting portion 
between the worm shaft 2 and the motor shaft 10a is 
so set as to be positioned within the shaft support 
hole 3c of the bearing 3b . Hence, even when the worm 
20 shaft 2 slightly moves in the meshing direction of 
the worm 2a, with the bearing 3b serving as the 
fulcrum, a displacement of the worm shaft 2 is 
allowed owing to a slight play of the spline 
connecting portion, and the worm shaft 2 can move in 
25 the axial directions without wresting the spline 
connecting portion. 

Thus, the inside diameter of the shaft support 
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hole 3c of the ball bearing 3a is set eccentric, the 
diameter of the worm shaft 2 (the bearing support 
portion 2b) is set comparatively small, and the 
elastic members 16 , 17 are provided between the worm 
5 shaft 2 and the bearings 3a, 3b, which all cooperate 
to enable a pre-load mechanism to be easily 
structured, the backlash to be completely eliminated, 
the impact to be absorbed and the tooth-butting 
noises (rattle noises) to be restrained. 

10 Note that the fourth embodiment of the first 

invention has Involves using the connecting member 18 
for the spline connecting portion. The invention is 
not, however, limited to this construction and may 
take such a construction that, as shown in FIG. 7, a 

15 bearing support portion 2b' on the side of the 

bearing 3b is molded to have substantially the same 
diameter as the outside diameter of the connecting 
member 18. a connecting hole 2f including a female 
spline portion 2e for the motor shaft 10a, and a male 

20 spline portion lOd of the motor shaft 10a is inserted 
into this connecting hole 2f, thus attaining a spline 
connection. In this case also, the holding members 
17a, 17b are attached to the bearing support member 
2b' with the same configuration as in the embodiment 

25 of the connecting member 18 described above. 

Referring to FIG. 7, the same members as those of the 
apparatus in FIG. 6 are marked with the same numerals 
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or symbols . 

Next, modified examples of the elastic member 16 
will be described referring to FIGS. 8 to 10B 
inclusive. 

5 FIG. 8 shows a first modified example of the 

elastic member 16. Referring to FIG. 8, the -£-ame 
members as those in the embodiment in FIG. 6 are 
marked with the same numerals or symbols, and the 
repetitive explanations thereof are omitted. A 

10 cylindrical elastic member 160 is constructed of a 
fitting portion 160a (which is the same as that of 
the elastic member 16) serving as a portion that 
loosely fits therein the bearing support portion 2b 
and is fixedly fitted in the shaft support hole 3c of 

15 the bearing 3a , a shaft support portion 160b adjacent 
to the fitting portion 160a, having substantially the 
same inside diameter as the outside diameter of the 
bearing support portion 2b and receiving therein the 
bearing support portion 2b with no gap therebetween. 

20 and a truncated conic portion 160c for integrally 
connecting the fitting portion 160a and the shaft 
support portion 160b. Namely, the elastic member 160 
has a configuration that an axial length of the shaft 
support portion 16c is extended instead of a 

25 configuration, the large diametrical portion 16b is 
removed from the elastic member 16 described above, 
and no fastening ring 11 is provided. 
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A relationship between the inside diameter Rl of 
the fitting portion 160a of the cylindrical elastic 
member 160 and the outside diameter r of the bearing 
support portion 2b is the same as in the embodiment 
5 in PIG. 6, and hence its repetitive explanation is 
omitted. 

In this construction, the shaft support portion 
160b has a function of elastically holding the 
bearing support portion 2b substantially In an 

10 intermediate position within the inside diameter of 
the fitting portion 160a. It is required that an 
Inside diameter of the axial support portion 160b be 
set to such a dimension as to make an inner ring of 
the bearing 3a rotatable as the shaft support portion 

15 160b rotates with rotations of the bearing support 

portion 2b and as to make the bearing support portion 
2b smoothly slidable when the bearing support portion 
2b moves in the axial directions. It can be expected 
that this elastic member 160 exhibits the same 

20 effects as the elastic member 16 does. 

FIG. 9 shows a second modified example of the 
elastic member 16. Referring to FIG • 9, the same 
members as those in the embodiment in FIG. 6 are 
marked with the same numerals or symbols, and the 

25 repetitive explanations thereof are omitted. A 

cylindrical elastic member 161 is constructed of an 
shaft support portion 161a having substantially the 
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same inside diameter as the outside diameter of the 
bearing support portion 2b and fitting therein the 
bearing support portion 2b with no gap, and a 
protruded portion 161b formed as a large diametrical 
5 portion having a small wall thickness formed 

integrally with an intermediate portion, in the axial 
direction, of the shaft support portion 161a, the 
protruded portion 161b being fixedly fitted in the 
shaft support hole 3c of the bearing 3a. It is 

10 required that an inside diameter of the shaft support 
portion 161a be set to a dimension that makes the 
bearing support portion 2b smoothly slidable when the 
bearing support portion 2b moves in the axial 
directions. A ring-shaped stopper 19 is fixedly 

15 fitted on a left end portion, as viewed in the Figure, 
of the bearing support portion 2b. 

In this construction, the shaft support portion 
161a permits the bearing support portion 2b to move 
in the axial direction (away or towards from the 

20 motor 10) but the stopper 19 restricts. When the 
bearing support portion 2b moves in the meshing 
direction of the worm 2a, the protruded portion 161b 
is compressed in a direction that presses the inner 
peripheral surface of the shaft support hole 3c, 

25 thereby elastlcally allowing the movement. 

Next, a third modified example of the elastic 
member 16 is shown in FIG. 10A. Referring to FIG. 
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10A. the same members as those in the embodiment in 
FIG. 6 are marked with the same numerals or symbols, 
and their repetitive explanations are omitted. A 
cylindrical elastic member 162 is fixedly fitted in 
5 the holding member 162a, and the holding member 162a 
is fixedly fitted in the shaft support hole 3d of the 
bearing 3a. An inside diameter of the elastic member 
162 is substantially equal to the outside diameter of 
the bearing support portion 2b. and is set to a 

10 dimension that makes the bearing support portion 2b 
smoothly slidable when the bearing support member 2b 
moves in the axial directions. 

A multiplicity of grooves 162b are, as 
Illustrated in FIG. 10B, formed along an axial 

15 direction on an inner peripheral surface of the 

elastic member 162 , whereby the elastic member 162 is 
easy to be compressed from inside its inner 
peripheral surface- When the bearing support portion 
2b moves in the meshing direction of the worm 2a, the 

20 bearing support portion 2b presses the inner 

peripheral surface (formed with the multiplicity of 
grooves 16 2b) of the elastic member 162 and thus 
compresses the elastic member 162 in this direction, 
thereby elastically allowing the movement. 

25 The ring-shaped stopper 19 is fixedly fitted on 

the left end portion, as viewed in the Figure, of the 
bearing support portion 2b. The elastic member 162 
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permits the bearing support portion 2b to move in the 
axial direction (away from or towards the motor 10) 
but the stopper 19 restricts the movement in the 
axial direction. 
5 As discussed above, according to the fourth 

embodiment of the first invention of the present 
invention, the motor-sided bearing has the elastic 
members disposed on both sides in the axial direction 
adjacently thereto, whereby the worm is slightly 

10 movable in the axial direction. Besides, the bearing 
on the distal side from the motor supports the rotary 
shaft (the worm shaft) through the elastic member, 
and this rotary shaft Is slightly movable in the 
meshing direction of the worm. Therefore, with the 

15 simple construction, the backlash can be completely 
eliminated. Further, when the force is applied to 
the rotary shaft, the rotary shaft moves in the axial 
directions within the limit of the elasticity of the 
elastic member, with the result that the worm and the , 

20 gear portion of the worm wheel mesh with each other 
in the proper positions to absorb the impact. It is 
therefore possible to reduce the tooth-butting noises 
without any decline of a transmission performance of 
an auxiliary steering force. 

25 Moreover, in the fourth embodiment of the first 

invention, at least the half, in the axial direction, 
of the spline connecting portion between the rotary 
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shaft and the motor shaft is positioned within the 
shaft support hole of the hearing. Therefore, even 
when the rotary shaft slightly moves in the meshing 
direction of the worm, as the motor-sided bearing 
serves as the fulcrum, the rotary shaft can move in 
the axial direction without wresting the spline 
connecting portion . 

Furthermore, the pre-load force of the worm can 
be adjusted depending on the material and the 
configuration of the elastic member, and hence 
dimensional accuracies are not excessively required 
of the rotary shaft and the bearing as well, thereby 
facilitating the dimensional control. 

Next, a fifth embodiment of the first invention 
of the present invention will be explained in 
conjunction with FIGS. 11 and 12. FIG. 11 is a 
sectional view of the electric power steering 
apparatus, showing the fifth embodiment of the first 
invention. FIG. 12 is a partial side view of the 
male spline portion of the motor shaft. 

In the fifth embodiment of the first invention, 
the components having the same structures as those in 
the aforementioned embodiments of the first invention 
are shown with the same numerals or symbols. 

In the electric power steering apparatus 100 in 
FIG. 11, the electric motor 10, the ball bearings 3a, 
3b for rotatably supporting the worm shaft 2 defined 



y ft N0. 4907 p P. 



^20 0 3^1 1^25B, 9*1 3fl -Bttl (ft) At -If -Iff A M ,NO. 4907 D P. 41/46 



-40- 



as the rotary shaft, the output shaft 5 of the worm 
wheel 4, etc., are disposed or fixed in predetermined 
positions in the housing 1. 

The worm shaft 2 is constructed of the worm 2a 
5 formed on the central portion thereof, and the 

bearing support portions 2b, 2b' formed on both sides 
of this worm 2a. A relationship between the bearing 
portion 2b r proximal to the electric motor 10 and the 
motor shaft 10a of the electric motor 10 is similar 

10 to what is shown in FIG. 7. Namely, the bearing 
portion 2b ' is formed with the connecting hole 2f 
opened toward the motor side and having the female 
spline portion 2e. An end of the motor shaft 10a is 
formed with a male spline portion 10d' . The female 

15 spline portion 2e is spline-connected to the male 
spline portion 10d'. 

In the fifth embodiment of the first invention, 
the male spline portion 10d' of the motor shaft 10a 
takes, as illustrated in FIG. 12, a drum-like shape 

20 whose diameter is small at both of its ends with a 

narrow key width but is large at its central portion 
in the axial direction. The male spline portion 10d # 
is fitted into the bearing portion 2b' of the worm 
shaft at a central portion of the ball bearing 3b. A 

25 diameter of the female spline portion of the bearing 
portion 2b' remains unchanged in the axial direction. 
In the fifth embodiment of the first invention. 
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a structure between the ball bearing 3a on the distal 
side from the motor 10, the bearing support portion 
2e of the worm shaft 2 and the cylindrical elastic 
member 160 interposed therebetween, is the same as 
5 what is shown in PIG. 8. 

In the fifth embodiment of the first invention, 
structures other than the above-mentioned are the 
same as those in the embodiments discussed above, and 
hence their repetitive explanations are omitted. 
10 In the fifth embodiment of the first invention, 

when the electric motor 10 generates an assist torque, 
the worm receives the force in such a direction as to 
get away from the wheel. At this time, the worm is 
tilted about the central portion, serving as a 
15 fulcrum, of the bearing on the proximal side to the 
motor, however, the spline portions do not interfere 
with each other, and neither the operating force nor 
a feeling at steering neutral time is deteriorated. 
Further, in the case where the worm moves in the 
20 axial direction, the interference between the spline 
portions does not occur. 

Moreover, the end portion of the male spline 
portion 10d' of the motor shaft 10a is small of its 
diameter, and hence when the apparatus is assembled, 
25 the male spline portion 10d' is easy to fit into the 
male spline portion 2e, thereby improving the 
operability . 
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Next, embodiments of a second invention of the 
present Invention will be discussed with reference to 
the drawings. 

FIG. 13A is a sectional view of the electric 
5 power steering apparatus, showing a first embodiment 
of the second invention of the present Invention. 
FIG. 13B is a sectional view taken along the line A-A 
in FIG. 13A. FIG . 14A is a sectional view of the 
electric power steering apparatus, showing a second 

10 embodiment of the second invention of the present 
invention. FIG. 14B is an enlarged view of a 
principal portion in FIG . 14A. FIG. 15A is a 
sectional view of the electric power steering 
apparatus, showing a third embodiment of the second 

15 invention of the present invention. FIG. 15B is a 

sectional view taken along the line B-B in FIG. 15A. 
FIG. 16A is a sectional view of the electric power 
steering apparatus, showing a fourth embodiment of 
the second invention of the present invention. FIG. 

20 16B is a sectional view taken along the line C-C in 
FIG. 16A. FIG. 17A is a sectional view of the 
electric power steering apparatus, showing a fifth 
embodiment of the second invention of the present 
invention. FIG. 17B is a sectional view taken along 

25 the line E-E in FIG. 17A. FIG. 18A is a sectional 
view of the electric power steering apparatus, 
showing a sixth embodiment of the second invention of 
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the present invention- FIG * 18B is a sectional view 
taken along the line D-D in FIG. 18A. 

In the electric power steering apparatus 100 in 
FIGS. 13A and 13B showing the first embodiment of the 

5 second invention of the present invention, an 

electric motor 101. ball bearings 103a, 103c for 
rotatably supporting a worm shaft 102 defined as a 
rotary shaft, an elastic portion 103b. an output 
shaft 105 of a worm wheel 104, etc., are disposed or 

10 fixed in predetermined positions in a housing 101. 

The worm shaft 102 is constructed of a worm 102a 
formed substantially on the central portion thereof, 
and bearing support portions 102b formed on both 
sides of the worm 102a. A cylindrical connecting 

15 member 108 is fixedly fitted on the bearing support 
portion 102b (the right side in the Figure) on the 
side of the ball bearing 103c proximal to the 
electric motor 110. A female spline portion 108a is 
formed substantially in a half, in the axial 

20 direction, of an inner peripheral surface of the 

connecting member 108. The connecting member 108 is 
fitted in a shaft support hole 103d (an inner 
peripheral surface of an inner ring) of the ball 
bearing 103c so that the connecting member 108 is 

25 movable in the axial directions. 

On the other hand, a male spline portion 110b is 
provided on an end portion of the motor shaft 110a of 
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the electric motor 110. This male spline portion 
110b is loosely fitted in the female spline portion 
108a of the connecting member 108 , whereby the worm 
shaft 102 is spline-connected to the motor shaft 110a 
in a state of being movable in the axial directions 
but unmovable in the rotational direction. This 
spline connecting portion is set so that 
substantially a half of the connecting portion in the 
axial direction is positioned within the shaft 
support hole 103d of the bearing 103c, The 
connecting member 108 may be formed integrally with 
the worm 102a, 

On the opposite side to the motor, the ball 
bearing 103a and an elastic portion 103b are disposed 
side by side in the axial direction. The bearing 
103a has a function as a rolling bearing, and an 
outer ring thereof is fixedly fitted in a bearing 
ring 114 defined as a cylindrical bearing holding 
member fixedly fitted in the housing 101. A 
cylindrical buffer member 106 formed of a resin , etc., 
which is fixedly fitted on the bearing support 
portion 102b of the worm shaft 102, is loosely fitted 
in an inner ring of the bearing 103a. 

The elastic portion 103b is constructed of a 
biasing member 112 having an inside diameter 
substantially equal to an outside diameter of the 
bearing support portion 102b and being formed of 
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resin, and an elastic body 113 fixedly fitting 
therein the biasing member 112 and fitting rein, 
fixedly fitted in the bearing ring 114 and formed of 
a rubber, etc,. A position in which the elastic body 
5 113 receives therein the biasing member 112 is far 

eccentric in the meshing direction of the worm 102a. 
When Incorporating the worm shaft 102 into the ball 
bearing 103a and the elastic portion 103b, however, 
the worm shaft 102 becomes substantially concentric 
10 with the bearing 103a, and hence the elastic body 113 
deforms in a direction opposite to the meshing 
direction of the worm 102a, thereby producing a pre- 
load force in the meshing direction. 

An outside diameter of the buffer member 106 is 
15 set slightly smaller than an Inside diameter of the 
inner ring of the bearing 103a. Let As be a 
displacement quantity of the worm 102a in the meshing 
direction for eliminating the backlash, and an 
outside diameter of the buffer member 106 is set to a 
20 dimension given by (an inner ring inside diameter - 2 
- AS), This is a value of such a degree that the 
buffer member 106 is loosely fitted into the inner 
ring. 

On the other hand, elastic members 107 each 
25 assuming substantially a ring-shape are disposed on 
both sides of the bearing 103c proximal to the 
electric motor 110 in the axial direction adjacently 
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to the bearing 103c. These two elastic members 
107 , 107 are disposed in the form of each being held 
by two pieces of ring-shaped holding members 107a and 
107b, The holding members 107a positioned away from 

5 the bearing 103c are each fixedly fitted on the 
connecting member 108. The holding members 107b 
abutting on the bearing 103c are fixed to the bearing 
103b and provided along the connecting member 108 in 
a non-contact manner. The elastic member 107 

10 elastically extends and shrinks in the axial 

directions as the connecting member 108 moves in the 
axial directions, thereby allowing the worm shaft 102 
to move in the axial directions within the limit of 
the elasticity thereof. 

15 The worm wheel 104 is fixedly fitted on the 

output shaft 105 extending in the direction 
orthogonal to the axial direction of the worm shaft 
102. The output shaft 105 is so disposed as to be 
rotatably supported in a predetermined position of 

20 the housing 101 in a state of the worm wheel 104 

meshing with the worm 102a. A gear portion 104a of 
the worm wheel 104 is formed of a resin • 

As illustrated In FIG. 13A. in the meshing 
between the worm 102a and the worm wheel 104, let S 

25 (a + b = S) be a distance which is the sum of a 
working radius a of the worm 102a and a working 
radius b of the worm wheel 104, and the output shaft 
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105, the bearing 103c and the electric motor 110 are 
disposed in the housing 101 so that an axis-to-axis 
distance between the motor shaft 110a of the electric 
motor 110 and the output shaft 105 of the worm wheel 
5 104 and an axis-to-axis distance between the bearing 
103c and the output shaft 105 become S, In this 
embodiment, the distance S is set such as S = 47.5 mm. 
It is effective that the displacement quantity A S of 
the worm 102a in the meshing direction for 

10 eliminating the backlash be set to an optimal value 
in a range of 0.1 mm through 0.5 mm. 

In the construction described above, a position 
in which the biasing member 112 is fitted in the 
elastic body 113 of the elastic portion 103b, is 

15 eccentric in the meshing direction of the worm 102a, 
and hence, when assembling the worm shaft 102 into 
the bearing 103a, the elastic body 113 deforms to 
produce a pre-load force in the meshing direction of 
the worm 102a. Then, the worm 102a and the gear 

20 portion 104a of the worm wheel 104 mesh with each 

other without the backlash. Thus, the worm 10 2a is 
kept in the so-called floating state. 

Particularly, a rate at which a volume of the 
elastic body 113 occupies the elastic portion 103b is 

25 taken large, whereby an initial eccentric quantity 

need d for generating the pre-load can be taken large 
and a spring constant of the elastic body 113 can be 





-48- 



10 



15 



20 



decreased. Therefore, even when a configuration of 
the worm 102a might change due to a scatter lb 
working accuracy and an abrasion of the gear, it is 
feasible to stably maintain a fixed pre-load force 
and to effectively prevent the tooth-butting noises 
of the gears. 

This pre-load force generates the friction to 
some extent when the worm 102a meshes with the worm 
wheel 104, however, a thlcJcness and a rigidity of the 
elastic body 113 are set so that a resistance force 
thereof does not become excessively large enough to 
cause a hindrance to a gear performance or to such a 
degree that a deviation in meshing does not occur due 
to an input of vibrations applied from tires. The 
rigidity of this elastic body 113 can be set 
depending on hardness and a configuration of the 
rubber without any restriction. 

Further, the worm shaft 102 is movable in the 
axial directions, and hence, when a force is applied 
from the tire, the worm shaft 102 moves in the axial 
directions within a limit of elasticity of the 
elastic member 107, whereby the worm 102a and the 
gear portion 104a of the worm wheel 104 mesh with 
each other in proper positions to make it possible to. 
absorb an impact. 

In the portion of the ball bearing 103a, even in 
a case where a pressure Is exerted on the buffer 
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member 106 due to an abrupt displacement of the worm 
102a in the meshing direction thereof, the buffer 
member 106 absorbs vibrations, thereby preventing an 
emission of noises of collision. Further, the : buf f er 
5 member 10 6 is formed of the resin and is therefore 

effective in reducing a friction caused when the worm 
shaft 102 moves in the axial directions. 

Moreover, in the ball bearing 103a, the minute 

gap As is provided between the inner ring and the 

10 buffer member 106 of the worm shaft 102 , and hence 
there is absorbed a change in the axis-to-axis 
distance between the worm shaft 102 and the output 
shaft 105 due to the scatter in the working accuracy 
and to the meshing, whereby the stable operation can 

15 be ensured. 

Further, the ball bearing 10 3a receives a load 
and a rotational torque acting in the meshing 
direction of the worm 102a , which are generated when 
driving (when assisting) the apparatus, and controls 

20 the displacement of the worm 102a. Therefore , 

neither a large distortion nor load occurs in the 
elastic body 113 of the elastic portion 103b. thereby 
a durability of the elastic body 113 to be improved. 
Thus, the fitting position of the bearing 

25 support portion 102b into the elastic body 113 of the 
elastic portion 103b is set eccentric, the outside 
diameter of the buffer member 106 Is set 
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comparatively smaller than the inside diameter of the 
inner ring of the bearing 103a, and the elastic 
member 107 is provided between the worm shaft 102 and 
the bearing 103c. which all cooperate to enable a 
5 pre-load mechanism to be easily structured, the 

backlash to be completely eliminated, the impact to 
be absorbed and the tooth-butting noises (rattle 
noises) to be restrained- 
Next, a second embodiment of the second 

10 invention of the present invention will be explained 
referring to FIGS. 14A and 14B. The second 
embodiment of the second invention is substantially 
the same as the first embodiment of the second 
invention discussed above, wherein the same members 

15 are marked with the same numerals or symbols, and 
their repetitive explanations are omitted. A 
different point is that the buffer member 106 is 
fixedly fitted in the inner ring of the first bearing 
10 3a. The buffer member 106 is bonded to a cylinder 

20 115 whose wall is thin, and the cylinder 115 is 
fixedly fitted in the inner ring. In this 
construction also, the same effects as the first 
embodiment of the second invention exhibits can be 
expected. Further, this buffer member 106 may also 

25 be fixed to the inner ring through no intermediary of 
the cylind r 115. 

Subsequently, a third embodiment of the second 
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invention of the present invention will be described 
with reference to FIGS. 15A and 15B. The third 
embodiment of the second invention is substantially 
the same as the first embodiment of the second 
5 invention discussed above, wherein the same members 
are marked with the same numerals or symbols,- and 
■ their repetitive descriptions are omitted. A 

different point is that the rubber-made elastic body 
113 of the elastic portion 103b is replaced with a 

10 resin-made elastic body 116, and, as illustrated in 
FIG. 15B, a plurality of holes 116a are formed along 
a periphery of a biasing member 112. 

In this construction, the elastic body 116 
functions as an elastic body capable of elastically 

15 deforming in the meshing direction of the worm 102a 
owing to the plurality of holes 116a. The third 
embodiment can be also expected to exhibit the same 
effects as those in the first embodiment of the 
second invention, and may require a less number of 

20 parts, which contributes to reduce the costs. 

Next , a fourth embodiment of the second 
invention of the present invention will be discussed 
with reference to FIGS . 16A an<i 16B. The fourth 
embodiment of the second invention is substantially 

25 the same as the first embodiment of the second 

invention discussed above, wherein the same members 
are marked with the same numerals or symbols, and 
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their repetitive descriptions are omitted. A . 
different point is that a torsion spring 117 Is 
adopted as a substitute for the elastic body 113 of 
the elastic portion 103b. In this case, the elastic 
5 portion 103b is constructed of a biasing member 112 
for rotatably supporting the bearing support portion 
102b of the worm shaft 102, the torsion spring 117 
wound on an outer peripheral portion of the biasing 
member 112, and a latching member 118 that latches 

10 both side ends of the torsion spring 117 in order to 
support the biasing member 112 in a position 
eccentric in the meshing direction of the worm 102a 
and is fixedly fitted in the bearing ring 114. As 
shown in FIG. 16B, the torsion spring 117 is open at 

15 its both side ends in an initial state but 

resiliently closes when incorporated into the 
latching member 118, and a biasing force generated at 
this time produces a pre-load force acting In the 
meshing direction in the worm 102a. In this 

20 construction also, the same effects as the first 
embodiment of the second invention has can be 
expected. 

Next, a fifth embodiment of the second invention 
of the present invention will be explained referring 
25 to FIGS. 17A and 17B, The fifth embodiment of the 
second invention is substantially the same as the 
first embodiment of the second invention discussed 
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above, wherein the same members are marked with the 
same numerals or symbols, and their repetitive 
descriptions are omitted, A different point Is that 
the torsion spring 117 is adopted as a substitute tot 
5 the elastic body 113 of the elastic portion 103b. In 
this case, the elastic portion 103b is constructed of 
the biasing member 112 rotatably supporting the 
bearing support portion 102b of the worm shaft 102, 
the torsion spring 117 wound on the outer peripheral 

10 portion of the biasing member 112. and the latching 
member 118 that latches both ends of the torsion 
spring 117 in order to support the biasing member 112 
in a position eccentric in the meshing direction of 
the worm 102a and is fixedly fitted in the bearing 

15 ring 114. The biasing member 112 is fitted at the 
its center thereof on the worm shaft 102b and 
generates a pre-load with respect to the worm 102a by 
dint of a rewinding force of the torsion spring 117 
wound on along the outer periphery thereof 

20 concentrically with a hole thereof. A contact 
portion between the biasing member 112 and the 
torsion spring 117 is opposed to the wheel 104 and is 
well short for an inner periphery of the torsion 
spring 117, the structure being such that the pre- 

25 load generated by the torsion spring 117 can be 

efficiently transferred to the biasing member 112. 
Further, the latching member 118 is fixedly fitted in 
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the housing 101 and fixed by the bearing ring 114. 
The latching member 118 may be formed either by press 
working or of a resin, etc.. 

As illustrated in FIG- 17B, the torsion spring 
5 117 has two pieces of hooks 117a provided at both 

ends and disposed respectively in positions that are 
shifted by 180 # in phase with respect to a winding 
center of the torsion spring 117 in the initial state, 
wherein these hooks 117a are latched by projections 

10 of the latching member 118. Moreover, the torsion 
spring 117 is given a torsional torque beforehand. 
With this contrivance, the biasing member 112 is, 
before assembling the worm 102a, held by the 
projections 118a of the latching members in positions 

15 slightly shifted with respect to the elastic portion, 
and the biasing member 112 is displaced by assembling 
the worm 102a with the result that the pre-load force 
is to be produced for the worm 102a. Therefore, any 
processes specializing in adjusting and in giving the 

20 pre-load are not required, and a built-in 
characteristic is improved » Moreover, the 
predetermined pre-load force can be ensured even by 
setting the spring constant comparatively low. In 
this construction also, the same effects as those in 

25 the first embodiment of the second inv ntion can be 
expected. 

Moreover, a sixth embodiment of the second 
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invention of the present invention will be explained 
with reference to FIGS. 18A and 18B. The sixth 
embodiment of the second invention is substantially 
the same as the first embodiment of the second 
5 invention discussed above, wherein the same members 
are marked with the same numerals or symbols , and 
their repetitive descriptions are omitted. A 
different point is that a spiral spring 119 is 
adopted as a substitute for the elastic body 113 of 

10 the elastic portion 103b . One end of the spiral 

spring 119 is fixed to the outer peripheral portion 
of the biasing member 112 rotatably supporting the 
bearing support portion 102b of the worm shaft 102, 
and the other end thereof is fixed to the bearing 

15 ring 114. The biasing member 112 is eccentric in the 
meshing direction of the worm 102a with respect to 
the axis of the bearing ring 114, and, when 
assembling the worm shaft 102 into the ball bearing 
103a, the spiral spring 119 deforms to produce the 

20 pre-load acting in the meshing direction in the worm 
102a. In this construction also, same effects as 
those in the first embodiment of the second invention 
can be expected. 



25 



Industrial Applicability 

As described above, according to the first 
invention of the present invention, the motor is 
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installed with respect to the output shaft in such a 
position that the length which is the sum of the 
working radius of the worm and the working radius of 
the worm wheel becomes the axis-to-axis distance 
5 between the output shaft and the motor shaft. The 

bearing is installed with respect to the output shaft 
in such a position that the axis-to-axis distance 
between the shaft support hole and the output shaft 
becomes slightly smaller than the axis-to-axis 

10 distance between the output shaft and the motor shaft, 
The elastic member having the predetermined 
elasticity and thickness is interposed between the 
inner peripheral surface of the shaft support hole of 
the bearing and the rotary shaft. The outside 

15 diameter of the portion of the rotary shaft on which 
the elastic member is fitted, is set smaller than the 
inside diameter of the shaft support hole to such a 
degree that the elastic member gives the proper 
biasing force towards the worm wheel of the worm, 

20 Therefore, with the simple construction, the backlash 
can be eliminated, and the tooth-butting noises can 
be reduced without any decline of the transmitting 
performance of the auxiliary steering force. 

Further, the pre-load force can be adjusted 

25 based on the material and the configuration of the 

elastic member, and hence the dimensional accuracies 
are not excessively requir d of the rotary shaft and 
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the bearing as well, thereby facilitating the 
dimensional control. 

Moreover, according to the second invention of 
the present Invention, with respect to the motor - 
5 sided bearing , the elastic members are disposed on 
both sides in the axial direction thereof and 
adjacently thereto, and the worm is set slightly 
movable in the axial directions. Besides, the 
bearing on the distal side from the motor Is the 

10 rolling bearing, and the elastic portion for biasing 
the worm in the meshing direction is provided on the 
rotary shaft. The outer ring of the bearing is 
fixedly fitted in the cylindrical bearing support 
member fixedly fitted in the housing, and the inner 

15 ring of this bearing loosely receives therein the 
cylindrical buffer member fixedly fitted on the 
rotary shaft. The elastic portion is constructed of 
the biasing member for rotatably supporting the 
rotary shaft and of the elastic body receiving 

20 therein this biasing member in the position that is 
eccentric in the meshing direction of the worm with 
respect to the axis of the bearing, this elastic body 
being fixed in the vicinity of the bearing support 
member • Therefore, the worm has the pre-load force 

25 produced in the meshing direction thereof, and. with 
the simple construction, the backlash can be 
eliminated completely. 
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Particularly, the rate at which the volume of 
the elastic body occupies the elastic portion is 
taken large, whereby the indtial eccentric quantity 
needed for generating the pre-load can be taken large 
5 and the spring constant of the elastic body can be 

decreased. Therefore, even when the configuration of 
the worm might change due to the scatter in working 
accuracy and the abrasion of the gear, it is feasible 
to stably maintain the fixed pre-load force and to 
10 effectively prevent the tooth-butting noises of the 
gears. 

Further, when the force is applied to the rotary 
shaft, the rotary shaft moves in the axial directions 
within the limit of the elasticity of the elastic 

15 member, with the result that the worm and the gear 

portion of the worm wheel mesh with each other in the 
proper positions to absorb the impact. It Is 
therefore possible to reduce the tooth-butting noises 
without any decline of the transmission performance 

20 of the auxiliary steering force. 

Moreover, the bearing receives the load and the 
rotational torque acting in the meshing direction of 
the worm, which are generated when driving the 
apparatus, thus controlling the displacement of the 

25 worm. Therefore, neither the large distortion nor 
load occurs in the elastic body of the elastic 
portion, which leads to an improvement of a lifetime 
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of the elastic body. 

Furthermore, according to the third invention of 
the present invention, the electric power steering 
apparatus includes the housing, the motor attached to 
5 this housing and transmitting the auxiliary steering 
force to the rotary shaft through the motor shaft, 
the worm formed on or fitted on this rotary shaft and 
having the gear portion formed of the metal or the 
resin, the rolling bearings provided in the housing, 

10 disposed respectively in the positions on both sides 

of the worm and rotatably supporting the rotary shaft, 
the output shaft transmitting the steering force for 
steering an axle and rotatably supported in the 
predetermined position of the housing, and the worm 

15 wheel formed on or fitted on the output shaft in a 
way that meshes with the worm and having the gear 
portion formed of the resin, wherein the pre-load 
mechanism for applying the pre-load acting towards 
the worm wheel is provided at the shaft side end 

20 portion, distal from the motor, of the rotary shaft. 

It is possible to provide the thus simply-constructed 
electric power steering apparatus capable of 
eliminating an existence of the backlash and reducing 
the tooth-butting noises without any decline of the 

25 power transmitting performance. 
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WHAT IS CLAIMED IS: 

1. An electric power steering apparatus 
comprising: 

a housing; 

5 a motor attached to said housing and 

transmitting an auxiliary steering force to a rotary 
shaft through a motor shaft; 

a bearing provided in said housing and rotatably • 
supporting said rotary shaft by a shaft support hole; 
10 a worm rotating together with said rotary shaft 

and having a gear portion formed of a metal or a 
resin; 

an output shaft transmitting a steering force 
for steering an axle and rotatably supported in a 
15 predetermined position of said housing; 

a worm wheel rotating together with said output 
shaft in a way that meshes with said worm and having 
a gear portion formed of a resin; and 

a worm gear mechanism transmitting the auxiliary 
20 steering force of said motor to said output shaft, 

wherein said motor is installed with respect to 
said output shaft in such a position that a length 
which is the sum of a working radius of said worm and 
a working radius of said worm wheel becomes an axis- 
25 to-axis distance between said output shaft and said 
motor shaft, and 

said bearing is installed with respect to said 
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output shaft in such a position that an axis-to-axis 
distance between said shaft support hole and said 
output shaft becomes slightly smaller than an axls- 
to-axis distance between said output shaft and said 
motor shaft. 

2. An electric power steering apparatus 
according to claim 1 , wherein said bearing is 
supported on said rotary shaft through an elastic 
member, and 

said worm is slightly movable In an axial 
direction . 

3. An electric power steering apparatus 
according to claim 1 , wherein a difference between an 
axis-to-axis distance between said motor shaft and 
said output shaft and an axis-to-axis distance 
between said shaft support hole and said output shaft, 
is set to 0,1 through 0,5 mm. 

4. An electric power steering apparatus 
according to any one of claims 1 through 3 . wherein 
said bearing is constructed of a first bearing 
positioned in proximity to said motor and a second 
bearing positioned away from said motor, and 

an axis-to-axis distance between said first 
bearing and said rotary shaft is larger than ah axis- 
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to-axis distance between said second bearing arid said 
rotary shaft. 

5, An electric power steering apparatus 
5 according to claim l f wherein said bearing is 
constructed of a first bearing positioned in 
proximity to said motor and a second bearing 
positioned away from said motor, 

elastic members are disposed on both sides, in 
10 the axial direction, of said first bearing adjacently 
to said first bearing, so that said rotary shaft is 
set slightly movable in the axial direction within a 
limit of elasticity of said elastic member, and 

said second bearing supports said rotary shaft 
15 through said elastic members, so that said rotary 

shaft is set slightly movable in a meshing direction 
of said worm. 



6 . An electric power steering apparatus 
20 according to claim 5, wherein at least a half, in the 
axial direction, of a spline connecting portion 
between said rotary shaft and said motor shaft is so 
set as to be positioned within said shaft support 
hole of said motor-sided bearing. 



7. An electric power steering apparatus 
according to claim 5 or 6, wherein said elastic 
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member of said motor- sided bearing or said rotary- 
shaft in the vicinity of bearing positioned away from 
said motor or both of said elastic member and said 
rotary shaft, is or are provided with a stopper for 
5 controlling a quantity of movements of said rotary 
shaft in the axial directions. 

8. An electric power steering apparatus 
according to claim 5 or 6 . wherein said rotary shaft 

10 and said motor shaft are spline-connected to each 
other, and 

said rotary shaft is so forced as to be swayable 
about the spline connecting portion serving as a 
fulcrum. 

15 

9. An electric power steering apparatus 
according to claim 8, wherein said motor shaft is 
formed with a male spline portion. 

said rotary shaft is formed with a female spline 
20 portion, 

said motor shaft and said rotary shaft are 
spline-connected to each other, and 

said male spline portion is formed in a drum- 
like shape so that its diameter is small at both side 
25 ends thereof in the axial direction and is large at a 
central portion thereof. 
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10. An electric power steering apparatus, 
comprising: 

a housing; 

a motor attached to said housing and 
5 transmitting an auxiliary steering force to a rotary 
shaft through a motor shaft; 

a worm formed on or fitted on said rotary shaft 
and having a gear portion formed of a metal or a 
resin; 

10 bearings provided in said housing, disposed 

respectively in positions on both sides of said worm 
and rotatably supporting said rotary; 

an output shaft transmitting a steering force 
for steering an axle and rotatably supported in a 

15 predetermined position of said housing; and 

a worm wheel formed on or fitted on said output 
shaft in a way that meshes with said worm and having 
a gear portion formed of a resin, 

said motor including a worm gear mechanism 

20 Installed in such a position that a length which is 
the sum of a working radius of said worm and a 
working radius of said worm wheel becomes an axis- to - 
axis distance between said output shaft and said 
motor shaft, 

25 wherein elastic members are disposed on both 

sides, in the axial direction, of said motor-sided 
bearing adjacently to said bearing, said rotary shaft 



..NO. 4909 D P. 21/24 
NO. u *i u j P, uu 

-65- 

being set slightly movable in the axial direction, 

said bearing positioned away from said motor is 
a rolling bearing, an elastic portion being provided 
on said rotary shaft and biasing said worm in the 
5 meshing direction in parallel with said rolling 
bearing, 

an outer ring of said bearing is fixedly fitted 
in a cylindrical bearing holding member fixedly 
fitted in said housing, an inner ring of said bearing 

10 loosely receiving therein a cylindrical buffer member 
fixedly fitted on said rotary shaft, and 

said elastic portion is constructed of a biasing 
member rotatably supporting said rotary shaft, and of 
an elastic body receiving therein said biasing member 

15 in a position eccentric in the meshing direction of 
said worm with respect to an axis of said bearing, 
and fixed in the vicinity of said bearing holding 
member . 

20 11. An electric power steering apparatus r 

according to claim 10, wherein said buffer member Is 
fixedly fitted on the side of said inner ring of said 
rolling bearing, and loosely receives therein said 
rotary shaft. 

25 

12. An electric power steering apparatus 
according to claim 10, wherein said biasing member 
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and said elastic body are integrally formed of a 
resin, and 

said biasing member has a plurality of holes 
formed along a periphery thereof to exhibit 
5 elasticity, 

13* An electric power steering apparatus 
according to claim 10, wherein said elastic portion 
is constructed of said biasing member, a torsion 

10 spring wound on along a periphery of said biasing 
member, and a latching member resilient ly latching 
both side end portions of said torsion spring and 
supporting said biasing member in a position 
eccentric in the meshing direction of said worm with 

15 respect to the axis of said rolling bearing. 

14. An electric power steering apparatus 
comprising : 

a housing; 

20 a motor attached to said housing and 

transmitting an auxiliary steering force to a rotary 
shaft through a motor shaft; 

a worm formed on or fitted on said rotary shaft 
and having a gear portion formed of a metal or a 

25 resin; 

rolling bearings provided in said housing, 
disposed respectively in positions on both sides of 
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said worm and rotatably supporting said rotary shaft; 

an output shaft transmitting a steering force 
for steering an axle and rotatably supported in a 
predetermined position of said housing; and 
5 a worm wheel formed on or fitted on said output 

shaft in a way that meshes with said worm and having 
a gear portion composed of the resin, 

wherein a pre-load applying mechanism for 
applying a pre-load acting towards said worm wheel is 
10 provided at the shaft end portion, distal from said 
motor, of said rotary shaft. 



, 200311 1A25B, m\n 



nbtsmttvm 



P. 

U 7 



24/24 



-68- 



Abstract 

Provided is an electric power steering apparatus 
comprising a housing, a motor attached to this 
housing and transmitting an auxiliary steering force 
5 to a rotary shaft through a motor shaft, a worm 

formed on dr fitted on the rotary shaft and having a 
gear portion formed of a metal or a resin, rolling 
bearings provided in the housing, disposed 
respectively in positions on both sides of the worm 

10 and rotatably supporting the rotary shaft, an output 
shaft transmitting a steering force for steering an 
axle and rotatably supported in a predetermined 
position of the housing , and a worm wheel formed on 
or fitted on the output shaft in a way that meshes 

15 with the worm and having a gear portion formed of the 
resin, wherein a pre-load mechanism for applying a 
pre-load acting towards the worm wheel is provided at 
a shaft end portion, distal from the motor, of. the 
rotary shaft. The thus simply-constructed electric 

20 power steering apparatus is capable of eliminating an 
existence of a backlash and reducing tooth-butting 
noises without any decline of a power transmitting 
performance . 



